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ABSTRACT  
   
 The Rapid Eating and Activity Assessment for Participants Short Version 
(REAP-S), represents a method for rapid diet quality assessment, however, few 
studies have tested its validity. The Healthy Eating Index-2005 (HEI-2005) and 
the Diet Quality Index Revised (DQI-R) are tools that effectively assess diet 
quality, however, both are complex and time consuming.  The objective of this 
study was to evaluate the validity of the REAP-S against the HEI-2005 and the 
DQI-R. Fifty males, 18 to 33 years of age, completed the REAP-S as well as a 24-
hour diet recall. HEI-2005 and DQI-R scores were determined for each 24-hour 
recall. Scores from the REAP-S were evaluated against the HEI-2005 and DQI-R 
scores using Spearman rank order correlations and chi square. Modifications were 
also made to the original method of scoring the REAP-S to evaluate how the 
correlations transformed when certain questions were removed. The correlation 
coefficient for REAP-S and the HEI-2005 was 0.367 (P=0.009), and the 
correlation coefficient for REAP-S and the DQI-R was 0.323 (P=0.022). Chi 
square determined precision of the REAP-S to the HEI-2005 for overall diet 
quality at 64% and 62% for the DQI-R and REAP-S. Scores that were considered 
extreme (n=21) by the HEI-2005 (scores <40 and >60) had 76% precision with 
REAP-S. The correlation for the modified version of scoring REAP-S with the 
overall HEI-2005 and DQI-R were 0.395 (P=0.005) and 0.417 (P=0.003) 
respectively. Chi square statistics revealed the REAP-S accurately captured the 
diets of high quality versus low quality with 64% precision to the HEI-2005 and 
62% of the DQI-R. When evaluating the modified REAP-S scores against the 
  ii 
extreme HEI-2005 scores, precision increased to 81%. It appears the REAP-S is 
an acceptable tool to rapidly assess diet quality. It has a significant, moderate 
correlation to both the HEI-2005 and the DQI-R, with strong precision as well. 
Both correlation and precision is strengthened when values are compared to only 
the extreme scores of the HEI-2005; however, more research studies are needed to 
evaluate the validity of REAP-S in a more diverse population and to evaluate if 
changes to select questions can improve its accuracy in assessing diet quality.  
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Chapter 1 
INTRODUCTION 
 In the late 1980’s, it was becoming obvious that obesity and chronic 
disease were a serious public health concern, and despite the extensive research 
on the links between diet and chronic disease, there had been little research on 
ways to assess overall diet quality (Kennedy, Ohls, Carlson, & Fleming, 1995). 
Assessing and quantifying overall diet quality is complex and requires diet 
analyses beyond nutrient assessment. In an attempt to produce useful methods and 
standardize the process, governmental organizations developed tools that focused 
on the quality of complete diets and the Diet Quality Index and Healthy Eating 
Index were the result (Kant, 1996). 
The Diet Quality Index (DQI), developed by Paterson et al, and the 
Healthy Eating Index (HEI), developed by the US Department of Agriculture 
(Kant, 1996) were developed to assess and quantify overall diet quality on 
standards set by the Dietary Guidelines for Americans. The Dietary Guidelines for 
Americans provides scientific-based nutrition information targeted to the general 
public ages two and up with the purpose of promoting health and reducing 
chronic disease. Evidence has shown that diets that comply with the Dietary 
Guidelines may reduce the risk of obesity and associated chronic diseases 
(Dietary Guidelines Advisory Committee, 2005). As new Dietary 
Recommendations were released, both the HEI and DQI were updated to reflect 
current standards. The most updated of each of these indices are the Healthy 
Eating Index-2005 (HEI-2005) and the Diet Quality Index Revised (DQI-R). 
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Both the HEI-2005 and DQI-R are quite complex and time consuming. 
Once the Nutrition Academic Award (NAA) was developed by the National 
Heart, Lung and Blood Institute, the need for a practical nutrition assessment tool 
that was quick and easy to administer was immediately recognized (Pearson et al., 
2001). The result was the Rapid Eating and Activity Assessment for Patients 
(REAP). The intent of creating the REAP was to provide a useful tool for 
physicians to assess nutrition and facilitate in nutrition counseling (Gans et al., 
2003). The diet quality standards of the REAP were established on the guidance 
set forth by the Food Guide Pyramid and the 2000 U.S. Dietary Guidelines (Gans 
et al., 2003). The questions on the REAP are intended to assess intake of fat, 
saturated fat and cholesterol, whole grains, calcium-rich foods, fruits and 
vegetables, sugary beverages and foods, sodium, alcoholic beverages and physical 
activity. 
A series of evaluations conducted on early versions of the REAP indicated 
that it correlated well with the HEI, had great reliability scores, and reflected 
intake of nutrients and food groups to the Dietary Guidelines (Gans et al., 2006). 
In 2003, the 16-item Rapid Eating and Activity Assessment for Patients shortened 
version (REAP-S), was developed with the intent of having a way to assess 
dietary quality even more quickly. However, little research has been done to test 
the validity of this version (Segal-Isaacson, Wylie-Rosett, & Gans, 2004). A 
validation study of the REAP-S using a food frequency questionnaires revealed it 
correlated well with fruits, vegetables, and dairy, but added fat and meat were 
poorly correlated (Segal-Isaacson, Wylie-Rosett, & Gans, 2004). More research is 
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needed to establish how well the REAP-S correlates with other validated 
measures, such as the HEI-2005 and the DQI-R.  
Purpose of the Study 
 The purpose of this study was to test the validity of the REAP-S using 
both the HEI-2005 and DQI-R so that a more convenient way to assess overall 
diet quality can confidently be used. 
Hypothesis 
 We hypothesized that the REAP-S scores would significantly correlate to 
the scores of the HEI-2005 and the DQI-R using 24-h recalls from college 
students. 
Limitations 
 The small sample size of this study is a limitation. The study used 24 hour 
dietary recalls collected from 50 male college students. Investigator bias was 
minimized by using standard defaults for dietary items that were unclear and not 
in the data base. 
Delimitations 
 The sample used for this study was male college students (aged 18-34 y) 
from the Phoenix-metropolitan area. Therefore, the validation of this study may 
not pertain to women, younger or older samples, or more diverse populations. 
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Chapter 2 
REVIEW OF LITERATURE 
Dietary Guidelines for Americans 
The Dietary Guidelines for Americans provides scientific-based nutrition 
information targeted to the general public ages two and up with the purpose of 
promoting health and reducing chronic disease. These guidelines are reviewed 
and revised if necessary every five years by the Dietary Guidelines Advisory 
Committee (DGAC) so that the recommendations reflect the most current 
research (Dietary Guidelines Advisory Committee, 2005). The DGAC members 
are appointed by the Secretaries of the U.S. Department of Health and Human 
Services (HHS) and the U.S. Department of Agriculture (USDA). Some of the 
concerns the Dietary Guidelines aim to improve are the nation’s growing 
problems with obesity and chronic disease (Dietary Guidelines Advisory 
Committee, 2005). They do this by providing information for the development of 
educational materials, development of nutrition-related programs, and the 
development of authoritative statements. Because poor diets are linked to type 2 
diabetes, cardiovascular disease, dyslipidemia, hypertension, overweight and 
obesity, constipation, osteoporosis, iron deficiency anemia, diverticular disease, 
oral disease, malnutrition, and some cancers, educational materials are becoming 
ever more important (Dietary Guidelines Advisory Committee, 2005). Evidence 
has shown that diets that comply with the Dietary Guidelines may reduce the risk 
of these diseases (Dietary Guidelines Advisory Committee, 2005).   
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The Dietary Guidelines state that “nutrient requirements should be met 
primarily through consuming foods” as opposed to supplements (Dietary 
Guidelines Advisory Committee, 2005). Supplements can be useful if there is a 
nutrient gap that cannot be met by food intake, but they cannot replace a healthful 
diet. Foods provide an assortment of nutrients, phytochemicals, antioxidants, 
carotenoids, flavonoids and isoflavins, protease inhibitors, and other components 
that are beneficial to health and have shown to possibly reduce the risk of chronic 
health conditions (Kahlon & Smith, 2004). The Dietary Guidelines also state that 
foods consumed in the recommended amounts set by the Dietary Guidelines will 
meet the necessary amount of nutrients needed for growth and health; for 
example, diets with an adequate intake of whole grains, fruits, and vegetables 
generally have higher amounts of fiber and other essential nutrients such as 
vitamin A, vitamin C, and magnesium (Dietary Guidelines Advisory Committee, 
2005). 
In 2009-2010, approximately 36% of adults in the U.S. were obese 
(Ogden, Carroll, Kit, & Flegal, 2012). Several conditions are related to obesity, 
including type 2 diabetes, heart disease, stroke, and certain cancers (Ogden, 
Carroll, Kit, & Flegal, 2012). Poor diet is a major contributor to obesity. Many 
Americans do not meet recommended intakes for several nutrients, yet they 
consume more calories than needed (Dietary Guidelines Advisory Committee, 
2005). Typically this leads to weight gain and creates an increased risk for poor 
health outcomes. Limiting calories is accomplished by selecting low-fat forms of 
foods in each food group (such as dairy and meats) and avoiding foods comprised 
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mostly of discretionary calories; calories from alcohol and foods high in saturated 
fat and added sugars that have little nutritional value. Consuming nutrient-dense 
foods is the key to a healthful diet. Nutrient-dense foods are those that provide 
relatively few calories while providing significant amounts of vitamins and 
minerals (Dietary Guidelines Advisory Committee, 2005). 
Carbohydrates. The acceptable macronutrient distribution ranges (AMDRs) 
define the range for “macronutrient intakes that are associated with reduced risk 
of chronic diseases, while providing recommended intakes of essential nutrients” 
(Mahan & Escott-Stump, 2008). The AMDR for carbohydrates is 45-65% of 
calories daily. Carbohydrates supply energy for the body in the form of glucose 
which is the preferred energy source for the brain, as well as the nervous system, 
placenta and fetus, and is the only source of energy for red blood cells (Mahan & 
Escott-Stump, 2008). Starch represents the main carbohydrate in most American 
diets, and many Americans also consume more than the recommended amounts of 
simple sugars. Added sugars should be limited in the diet as they supply calories, 
but no nutrients. An abundance of extra calories in the diet ultimately leads to 
weight gain which increases the risk of type 2 diabetes and other chronic disease 
(Mahan & Escott-Stump, 2008). Fiber comprises a smaller proportion of the 
carbohydrates consumed by Americans. Fiber is partly composed of non-
digestible carbohydrates and it has been shown that intakes of 14 grams per 1,000 
calories can have a number of beneficial health effects such as a decreased risk of 
coronary heart disease, a potentially reduced risk of type 2 diabetes, and improved 
laxation (Dietary Guidelines Advisory Committee, 2005). Therefore, it is 
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important to choose carbohydrates wisely. The food groups that provide 
carbohydrates are fruits, vegetables, grains, and milk. 
The Dietary Guidelines put great emphasis on fruits and vegetables 
because of the scientific evidence of the health benefits of diets that include them 
in abundance. The effects of the phytochemicals and the potential antioxidant 
activities found in fruits and vegetables may help reduce the risk of stroke, type 2 
diabetes, cardiovascular disease, other chronic diseases, and cancers (Kahlon & 
Smith, 2004). Studies have found that consistent intakes of fruits and vegetables 
may also reduce the risk for Alzheimer’s disease and cataracts as well (Liu, 
2003). Consuming leafy vegetables and their stalks have been reported to lower 
total cholesterol and very low-density lipoprotein in blood plasma (Fraser et al., 
1981). The benefits of lower cholesterol paired with benefits from antioxidants in 
fruits and vegetables may reduce deaths from cardiovascular disease and 
myocardial infarction. Gaziano and colleagues compared cardiovascular deaths to 
the consumption of fruits and vegetables and found that deaths were lower among 
those within the highest quartile of carotene-containing fruits and vegetables as 
compared to those with the lowest intakes (relative risk = .54, P = 0.004) 
(Ganziano et al., 1995). Others have also shown daily intake of fresh fruit to be 
significantly correlated with reduced mortality from ischemic heart disease (Key, 
Thorogood, Appleby, & Burr, 1996). 
The Dietary Guidelines recommend consuming one to two cups of fruit 
per day, depending on age and gender, and recommend making half of them 
whole fruit. In addition to stressing the importance of whole fruit, the importance 
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of varying the types of vegetables consumed is emphasized as well. It is 
recommended to consume two to three cups of vegetables daily, depending on age 
and gender, and to include a variety of dark green and orange vegetables as well 
as legumes and starchy vegetables (Dietary Guidelines Advisory Committee, 
2005). Including a variety ensures a higher likelihood of consuming all essential 
vitamins and minerals, as each vegetable subgroup provides somewhat different 
nutrients. 
Refined grains are grains that have been processed in such a way that part 
of the germ is removed, resulting in a loss of many nutrients including dietary 
fiber, vitamins, minerals, and more beneficial compounds. Due to the loss of these 
nutrients, along with fiber in the refining process, the Dietary Guidelines 
recommend including whole grains in the diet. By consuming at least half of the 
grains as whole grains, it is more likely the dietary recommendation for fiber is 
met (Dietary Guidelines Advisory Committee, 2005). It is recommended that five- 
to eight-ounces equivalents of total grains are consumed daily, depending on age 
and gender.  
A diet rich in whole grains may reduce the risk of coronary heart disease. 
Epidemiological cohort studies have shown a consistent, inverse relationship 
between whole grain intake and cases of cardiovascular disease (Mellen, Walsh, 
& Herrington, 2007). Studies have shown that intake of whole grains may lower 
total cholesterol and low-density lipoprotein in blood plasma (Leinonen, 
Poutanen, & Mykanen, 2000). Other studies have shown a relationship between 
whole grain intake and amounts of abdominal visceral adiposity; whereas 
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increased whole grain intake appeared to be associated with lower visceral 
adipose tissue, even after adjusting for age, sex, smoking status, total energy and 
alcohol intake (McKeown et al., 2010). It is suggested that 3 or more ounce-
equivalents of whole grains daily can help with weight maintenance and decrease 
the risk for many chronic diseases (Dietary Guidelines Advisory Committee, 
2005).  
Protein. The AMDR for protein is 10-35 percent daily. Protein is found in many 
foods, including meat, dairy, grains, and legumes. The Dietary Guidelines 
recommend adults to consume five- to six-ounce equivalents of meat because it 
provides a large proportion of protein, iron, and vitamin B12 (Dietary Guidelines 
Advisory Committee, 2005). Vegetarians need to pay special attention that their 
food selections provide adequate intake of these nutrients. The Dietary Guidelines 
recommend including two to three cups of dairy a day, depending on age and 
gender as it is a rich source of calcium. Dairy provides an abundance of calcium, 
potassium, vitamin A, magnesium, and vitamin D. For Americans, over 70% of 
calcium is consumed in the form of dairy products. However, many people choose 
not to consume milk or milk products for a variety of reasons, so special attention 
should be made to include these nutrients in the diet through non-dairy sources 
(Dietary Guidelines Advisory Committee, 2005). 
Fats. Fats serve many functions in the body, such as providing energy, serving as 
a carrier for fat soluble vitamins, serving as building blocks of membranes, and 
promoting other important physiological functions and processes (Mahan & 
Escott-Stump, 2008). It is an important part of a healthful diet, but it is equally 
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important to choose healthy varieties and limit fat to 20-35% of calories, as 
recommended by the AMDR (Mahan & Escott-Stump, 2008). High intakes of 
trans- and saturated fats increase the risk of elevated blood lipid levels, which, in 
turn, may increase the risk of coronary heart disease (Mahan & Escott-Stump, 
2008). The Dietary Guidelines recommend limiting total fat to 30% of calories, 
limiting saturated fat to 10% of calories, and limiting cholesterol to less than 300 
mg. These values have been shown to reduce unhealthy cholesterol and the risk of 
coronary heart disease (Dietary Guidelines Advisory Committee, 2005). 
The Development of Dietary Quality Indices 
 The history of attempting to quantify diet quality and make correlations to 
diet quality dates back to the 1930’s when Burke and Stuart examined diets for 
the level of nutrients in comparison to the optimal intake levels determined at that 
time (1938). Levels were rated as very poor through excellent and each rating was 
then assigned a numeric rating. The ratings were then averaged so that each diet 
had one overall score reflecting its quality. These studies found associations 
between maternal diet and occurrence of pregnancy complications (Burke & 
Stuart, 1938). Researchers today still correlate diet quality to health outcomes 
using individual nutrients. After micronutrients were used to assess diet quality, 
researchers started looking at macronutrients and energy intake levels. Willett’s 
research suggested that high dietary energy intake correlates with high intakes of 
micronutrients, which in turn would suggest diets with higher energy intake are 
higher in quality (1998). This method, however, does not adequately capture 
overall diet quality. Diets higher in energy are typically higher in fat, which 
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would lead to a higher risk for chronic disease (Willett, 1998). Therefore, diets 
higher in energy intake may actually be of lower diet quality. Instead of 
examining several individual nutrients or energy intake, researchers began 
classifying and using food groups out of the need to develop methods to assess 
dietary quality more quickly. Although studies examining different types of foods 
and food categories have shown to be helpful in studies relating to specific 
diseases, they have failed to paint an overall picture of dietary quality (Kant, 
1996). One individual nutrient or food group cannot effectively describe overall 
diet, as health is multi-dimensional. Examining the diet as a whole can provide 
insight to the effect of combined foods and nutrients on health outcomes (Kant, 
2004). 
 In the late 1980’s, it was becoming obvious that obesity and chronic 
disease were a serious public health concern, and despite the extensive research 
on the links between diet and chronic disease, there had been little research on 
ways to assess diet quality as a whole (Kennedy, Ohls, Carlson, & Fleming, 
1995). This is when the focus was turned away from individual nutrients and 
foods, and governmental organizations with mandates to gather data on the food 
intake of Americans began to develop tools that focused on the quality of 
complete diets (Kant, 1996). The Diet Quality Index and Healthy Eating Index 
were the result.  
The Healthy Eating Index  
The United States Department of Agriculture’s Center for Nutrition Policy 
and Promotion (CNPP) developed the Healthy Eating Index (HEI) in 1995 “to 
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monitor and evaluate change in diet quality among the US population” (Miller et 
al., 2010). The objective for the development of the HEI was to create an index of 
overall diet quality that incorporated both nutrient needs and the Dietary 
Guidelines into one measure (Kennedy, Ohls, Carlson, & Fleming, 1995). The 
HEI allows researches and individuals to assess the overall quality of diets, not 
just isolated dietary components. The intent of creating the HEI was to create 
measures of diet quality that could be used for monitoring changes in 
consumption patterns and to serve as a tool for nutrition education and health 
promotion (Kennedy, Ohls, Carlson, & Fleming, 1995). 
Components and scoring of the HEI. The Healthy Eating Index is scored on a 
100 point scale. It is composed of ten components; each having an equal score 
worth ten points (Kennedy, Ohls, Carlson, & Fleming, 1995). The HEI 
components are organized by adequacy components and moderation components. 
The term adequacy reflects the need for the component to be included in the diet 
for the diet to be considered healthy (Kennedy, Ohls, Carlson, & Fleming, 1995). 
The term moderation describes items that should be limited in the diet due to their 
negative effects on health (Kennedy, Ohls, Carlson, & Fleming, 1995). The first 
six components of the HEI are the adequacy components, and the last four are 
moderation components. 
 The first five components of the HEI reflect the Dietary Recommendations 
for Americans of fruit, vegetables, grains, dairy, and meat. The sixth component 
reflects dietary variety because the USDA Food Guide Pyramid and the National 
Academy of Science’s diet and health report emphasize the importance of varying 
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the types of foods consumed to ensure optimal intake of nutrients (Food and 
Nutrition Board, 1989). The HEI defines adequate variety as the consumption of 
16 different types of foods within a three day time frame (Kennedy, Ohls, 
Carlson, & Fleming, 1995). A score of 10 is awarded for each component if the 
recommendation set by the Dietary Guidelines based on their age and gender is 
met. If no foods were eaten in one of the categories, or if less than six foods were 
eaten in a three day time frame, a zero is given for that component. Scores for 
foods consumed between the minimum and maximum values are awarded based 
on the percentage of the amount consumed.  
The moderation components include sodium, saturated fat, total fat, and 
cholesterol. The criteria to receive ten points is to have sodium intake of 2,400 mg 
or less, cholesterol intake of 300 mg or less, saturated fat at 10% or less of 
calories, and 30% or less of calories from total fat. There was little data as to how 
to set a limit for a score of zero for the moderation components (Kennedy, Ohls, 
Carlson, & Fleming, 1995). The developers consulted with nutrition experts and 
examined the intake distributions for these components using the 1989 and 1990 
data from the Continuing Survey of Food Intake by Individuals (CSFII) and set 
the cut off at 4,800 mg of sodium, 450 mg of cholesterol, 15% of total kcal for 
saturated fat, and 45% of total kcal for total fat (US Dept. of Agriculture, 1992). 
Intakes at or above these values receive a zero. Table 1 displays the HEI 
components and scoring criteria. 
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Table 1. The Healthy Eating Index 
Component Criteria for 10 points Criteria for 0 points 
Vegetables 3-5 servings* 0 servings 
Fruit 2-4 servings* 0 servings 
Grains 6-11 servings* 0 servings 
Milk 2-3 servings* 0 servings 
Meat 2-3 servings* 0 servings 
Dietary Variety** ≥ 16 different food types 
in 3 days 
≤ 6 different food types 
in 3 days 
Sodium ≤ 2,400 mg ≥4,800mg 
Saturated Fat ≤ 10% total kcal ≥15% total kcal 
Total Fat ≤ 30% total kcal ≥45% total kcal 
Cholesterol ≤ 300 mg ≥450mg 
*Vary based on age and gender recommendations from the 1990 Dietary 
Guidelines for Americans 
** For one day use ≥ 8 and ≤ 3 foods for 10 and 0 points respectively 
 
The Healthy Eating Index-2005  
The basis for the original HEI was the 1995 Dietary Guidelines. 
Therefore, when new guidelines were released in 2005, there was the need for an 
updated HEI as well. The Healthy Eating Index-2005 (HEI-2005) was developed 
to reflect changes in recommendations that emphasized the importance of whole 
gains, varying types of vegetables, specific types of fat, and the concept of 
discretionary calories (Guenther, Reedy, & Krebs-Smith, 2008). The goal was to 
make a tool that measured diet quality in terms of compliance to the 2005 Dietary 
Guidelines.  
The components of the HEI-2005 include the major food groups found in 
MyPyramid; total fruit, total vegetables, total grains, milk, and meat and beans. 
Beyond the food categories found in MyPyramid, the 2005 Dietary Guidelines 
make several suggestions and components were added to the HEI-2005 to reflect 
these suggestions (Guenther, Reedy, & Krebs-Smith, 2008). Emphasis was put on 
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the types of fruits, vegetables, and grains eaten, so a whole fruit component, dark 
green and orange vegetables/legumes component, and whole grain component 
were added. An oil component was added that includes non-hydrogenated 
vegetable oils as well as the fatty portions of fish, nuts, and seeds (Guenther, 
Reedy, & Krebs-Smith, 2008). The concept of discretionary calories was 
introduced by the 2005 Dietary Guidelines Advisory Committee as the 
“difference between total energy requirements and the energy consumed to meet 
recommended nutrient intakes” (Dietary Guidelines Advisory Committee, 2005). 
The discretionary calories component includes calories that come from solid fats, 
alcoholic beverages, and added sugars (Guenther, Reedy, & Krebs-Smith, 2008). 
Individual food items may count toward more than one component. For example, 
the lowest fat portions of meat are included in the meat and bean component and 
the fatty portions are counted as solid fat and contribute to the discretionary 
calories component (Guenther, Reedy, & Krebs-Smith, 2008). Table 2 displays 
the components and scoring criteria for the HEI-2005. 
Scoring HEI-2005 adequacy components. Similarly to the HEI, the HEI-2005 is 
composed of both adequacy and moderation components. The adequacy 
components consist of total and whole fruit, total vegetables and dark 
green/orange vegetables, total grains and whole grains, milk, meat and beans, and 
oils (Guenther, Reedy, & Krebs-Smith, 2008). The Healthy Eating Index-2005 
assesses the adequacy of foods and nutrients as a ratio to energy intake, or on a 
density basis, as opposed to assessing them as absolute values as the original HEI 
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did (Guenther, Reedy, & Krebs-Smith, 2008). Adequacy components are scored 
on a cup, ounce, or gram equivalents per 1,000 calories.  
Table 2. The Healthy Eating Index-2005 
Component Total points Criteria for total 
points 
Criteria for 0 
points 
Total fruit 5 ≥0.8 cup/1000 kcal 0 
Whole fruit 5 ≥0.4 cup/1000 kcal 0 
Total vegetable 5 ≥1.1 cup/1000 kcal 0 
Dark green and orange 
vegetables/legumes 
5 ≥0.4 cup/1000 kcal 0 
Total grains 5 ≥3.0 oz./1000 kcal 0 
Whole grains 5 ≥1.5 oz./1000 kcal 0 
Milk  10 ≥1.3 cup/1000 kcal 0 
Meat and beans 10 ≥2.5 oz./1000 kcal 0 
Oils  10 ≥12g/1,000 kcal 0 
Saturated fat 10 7% total kcal ≥15% total kcal 
Sodium  10 ≤0.7g/1,000 kcal ≥2g/1,000 kcal 
Solid fats/alcoholic 
beverages/added sugar 
20 ≤20% total kcal ≥50% total kcal 
  
MyPyramid defines the cup, ounce, and gram recommendations for each 
food group based on calorie levels between 1,000 and 3,200 calories. The 
adequacy components for the HEI-2005 were based on the 1,200 – to 2,400-
calorie patterns so that the recommended nutrient intakes for most people were 
met (Britten, Marcoe, Yamini, & Davis, 2006). When establishing guidelines for 
how to score the HEI-2005 components, the least restrictive of calorie patterns 
were chosen as the standard for a maximum score (Guenther, Reedy, & Krebs-
Smith, 2008). Intakes at the level of the standard or better are awarded the 
maximum number of points for that component. If there was no intake for the 
component, it is given a zero. Intakes between zero and the maximum are 
awarded proportionately. 
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 Scoring HEI-2005 moderation components. The 2005 Dietary 
Guidelines highlights other sources that are consistent with its recommendations; 
one being MyPyramid, and another being the Dietary Approaches to Stop 
Hypertension (DASH) Eating Plan developed by the National Heart, Lung, and 
Blood Institute. These plans have guidelines for saturated fat being less than 7% 
to 8% of energy (US Health and Human Services and US Department of 
Agriculture, 2005). The 2006 American Heart Association guidelines also suggest 
7% or less of calories from saturated fat (Lichtenstein et al., 2006). When 
developing the HEI-2005, 7% was chosen as the maximum score of 10 based on 
those sources (Guenther, Reedy, & Krebs-Smith, 2008). A score of 8, which still 
indicates a good score, is given to the level of 10% of calories coming from 
saturated fat, which is the value recognized by the 2005 Dietary Guidelines 
(Guenther, Reedy, & Krebs-Smith, 2008).  
The sodium standard was set by the same standard the Institute of 
Medicine uses to set Dietary Reference Intakes (DRIs). The DRI panel divides the 
value they set for the DRI by the estimated median energy intake for the given 
age group and this is the density used to set the DRI (Yates, Schlicker, & Suitor, 
1998).  When setting the standard for a score of 10, the Adequate Intake (AI) for 
sodium (1,500mg) was divided by the estimated mean calorie level used by the 
DRI panel (2,150 kcal), and a value of 700 mg of sodium per 1,000 calories was 
determined (Guenther, Reedy, & Krebs-Smith, 2008). A score of 8 was 
determined the same way, but by using the Upper Limit (UL) value (2,300 mg) 
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instead of the AI. A value of 1,100 mg of sodium per 1,000 calories was assigned 
to the value of eight (Guenther, Reedy, & Krebs-Smith, 2008).  
The maximum score for the discretionary calorie component is based on 
the recommendations found in MyPyramid. It is the least restrictive of all 
components, set at 20% of all calories (Guenther, Reedy, & Krebs-Smith, 2008).  
It is difficult to assign a zero for a moderation component because as 
levels increase, a lesser score is awarded; therefore, there is no mathematical 
equivalent for a score of zero as there is for the adequacy components. There is 
also no scientific evidence to specify which value would deserve a zero. 
Developers of the HEI-2005 chose a value at the 85
th
 percentile of the population 
distribution for the standard of zero for moderation components (Guenther, 
Reedy, & Krebs-Smith, 2008). The data used to determine these standards was 
individual 24-hour dietary recalls from 8,650 respondents from the National 
Health and Nutrition Examination Survey, 2001-2002 (National Center for Health 
Statistics, 2004). The value of 85% was chosen because if the standard were set so 
that a large part of the population received a zero, detecting differences among 
individuals and groups would be difficult to detect (Guenther, Reedy, & Krebs-
Smith, 2008). Scores between the maximum and minimum standards are awarded 
points proportionately.  
Weight of HEI-2005 Components. Like the original HEI, the Healthy Eating 
Index-2005 is set on a 100 point scale. However, there are 12 categories that 
range in maximum scores of 5, 10, or 20. Although scores for the HEI-2005 
categories range from 5-20, there is relatively equal weighting for each 
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component as a whole (Guenther, Reedy, & Krebs-Smith, 2008). Fruit, 
vegetables, and grains each have two components (total versus whole), but are 
awarded 5 points each for a total of 10 points per food group, equating to an even 
weight for each food group. The only component that is weighted more heavily is 
the discretionary calorie component and it is awarded a maximum of 20 points 
(Guenther, Reedy, & Krebs-Smith, 2008). This was done for two reasons. First, 
the 2005 Dietary Guidelines encourages choosing low- fat foods that are free of 
added sugar; and second, foods in this category may displace nutrient-dense 
foods, add energy without adding nutrients, and are generally consumed in 
amounts that far exceed the discretionary calorie allowances (Guenther, Reedy, & 
Krebs-Smith, 2008). For these reasons, the developers of the HEI-2005 valued 
this component higher to reflect its contribution to dietary quality. 
The Diet Quality Index 
 The Diet Quality Index was created with the intent of measuring risk for 
diet related chronic disease (Patterson, Haines, & Popkin, 1994). It was one of the 
first indices to reflect food intake recommendations to dietary recommendations 
set in place by governmental organizations with its basis set on the 
recommendations from the publication Diet and Health report released in 1989 by 
the Committee on Diet and Health of the National Research Council Food and 
Nutrition Board (Food and Nutrition Board, 1989).  
The DQI consists of eight components, each consisting of equal weight 
toward the total score. Each component is worth zero, one, or two points for a 
possible score of 0-16. The lower the total score, the higher the quality of the diet. 
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The National Research Council Food and Nutrition Board lists their 
recommendations in order of importance, with those listed first being of greater 
importance than the ones listed last (Patterson, Haines, & Popkin, 1994). The DQI 
is set up to reflect this by having more components represent higher ranked 
recommendations (Patterson, Haines, & Popkin, 1994). Three components of the 
DQI reflect the first recommendation of the National Research Council Food and 
Nutrition Board, which is fat. The next recommendation is carbohydrates and this 
is represented with two components in the DQI. The remaining three components 
of the National Research Council Food and Nutrition Board recommendations are 
protein, sodium, and calcium, and are each represented with one component in the 
DQI (Patterson, Haines, & Popkin, 1994). If the recommendation is met or 
exceeded for positive categories (carbohydrates and calcium), that component 
receives a zero. The negative components (fat, protein, and sodium) are given a 
zero if intake is below or at the recommendation (Patterson, Haines, & Popkin, 
1994). If the recommendation is not met, there are specified ranges as to whether 
one or two points are given for each category. Table 3 gives detailed information 
for how each component is scored. 
The Diet Quality Index Revised 
 As new dietary guidelines are released, the need for new diet quality 
indices arises. The original DQI was established on the guidelines of the 1989 
Diet and Health recommendations of the National Academy of Sciences (Food 
and Nutrition Board, 1989). With the release of the 1992 Food Guide Pyramid, 
the 1995 Dietary Guidelines for Americans, and the initial release of the Dietary 
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Reference Intakes, an updated index was developed to reflect the most current 
dietary recommendations (Haines, Siega-Riz, & Popkin, 1999). 
Table 3. The Diet Quality Index 
Component Measure 0 1 2 
1 Total fat ≤ 30% total 
kcal 
30-40% total 
kcal 
>40% total 
kcal 
2 Sat. fat ≤ 10% total 
kcal 
10-13% total 
kcal 
>13% total 
kcal 
3 Cholesterol ≤ 300 mg 300-400 mg >400 mg 
4 Fruit and Veg. 5+ servings* 3-4 servings* 0-2 servings* 
5 Starch, 
complex carb 
(beans, peas, 
etc.) 
6+ servings* 4-5 servings* 0-3 servings* 
6 Protein 0-100% RDA 100-150% 
RDA 
>150% RDA 
7 Sodium ≤2400 mg 2400-3400 
mg 
>3400 mg 
8 Calcium  ≥100% RDA 66.67-100% 
RDA 
<66.67% 
RDA 
(A lower scores denotes a higher quality diet) 
*Serving size = ½ cup vegetable, fruit, cereal, legumes 
   1 medium piece of fruit 
   1 roll, muffin, slice of bread  
 
 The revised version of the DQI (DQI-R) is based on eating a variety of 
foods within food categories while using fats and sugars sparingly. It reflects 
more current dietary guidelines and incorporates a measure of dietary variety and 
moderation (Haines, Siega-Riz, & Popkin, 1999). The revised version was also 
expanded to a 100-point scale and was reversed in direction to improve 
interpretability; a higher score now correlates with better diet quality (Haines, 
Siega-Riz, & Popkin, 1999). The DQI-R has many uses, including population 
monitoring, research, and even as a tool for nutrition education and counseling 
(Snyder, 2007). 
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The objectives of the new index were to find a method to measure fruit, 
vegetable, and grain servings in a more consistent way and to evaluate the 
nutrition criteria that the index is based on (Haines, Siega-Riz, & Popkin, 1999). 
The nutrition quality components of the DQI-R are: total fat, saturated fat, dietary 
cholesterol, servings of fruit, servings of vegetables, servings of grains, calcium, 
iron, diversity, and moderation. Each component is worth up to 10 points. Table 4 
shows each component and the criteria to receive the highest and lowest scores. 
Table 4. The Diet Quality Index Revised 
Component 10 points  5 points 0points 
Total Fat ≤30% kcal >30% kcal >40% kcal 
Sat. Fat ≤10% kcal >10% kcal >13% kcal 
Cholesterol ≤300 mg >300 mg >400 mg 
Fruit 100% rec.  _________ 0 
Vegetable 100% rec.  _________ 0 
Grain 100% rec.  _________ 0 
Calcium 100% AI _________ 0 
Iron 100% RDA  _________ 0 
Dietary 
Diversity 
≥6 _________ <3 
Dietary 
Moderation 
≥7 _________ <4 
 
Components and scoring of the Diet Quality Index Revised. Components of 
the DQI-R include macronutrients, micronutrients, food groups, and dietary 
diversity and moderation (Haines, Siega-Riz, & Popkin, 1999). The DQI-R has 
three components that reflect fat macronutrient distribution recommendations, 
including total fat, saturated fat, and cholesterol. These are scored based on three 
levels: people who meet the recommendation get the full 10 points for that 
category, people within 30% of the recommendation receive 5 points, and people 
above 30% get 0 points (Haines, Siega-Riz, & Popkin, 1999). The DQI-R refers 
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to the term proportionality as the foods that are recommended to be consumed 
more than others (Haines, Siega-Riz, & Popkin, 1999). The three components that 
reflect proportionality are servings of fruits, vegetables, and grains. These are 
scored based on the percentage of recommended servings consumed, with 10 
points being awarded for meeting or exceeding the recommendation, and zero 
points for not consuming anything in that category.  
 Two of the indicators that reflect intakes of micronutrients are calcium and 
iron. Calcium was included as opposed to servings of dairy products as many 
people do not use dairy as sources of calcium due to lactose intolerance or having 
a dislike for it, and instead use other nondairy sources of calcium (Haines, Siega-
Riz, & Popkin, 1999). The scoring criterion for calcium is based on the value 
designated by the Adequate Intake value. Iron was chosen as a measurement, with 
the standard being 100% of the RDA, because the developers believed the mineral 
status would better explain variation in diet quality than the inclusion of meat or 
protein intakes (Haines, Siega-Riz, & Popkin, 1999). Many components of the 
DQI-R reflect nutrients of concern in relation to over-nutrition, but iron is a 
nutrient of concern in populations at risk for under-nutrition such as those with 
limited resources, children, and pregnant and young women (Haines, Siega-Riz, 
& Popkin, 1999).  
 The final two components are dietary diversity and moderation. The 
diversity category was designed so that consumption differences in the 23 broad 
food group categories would be recognized (Haines, Siega-Riz, & Popkin, 1999). 
Table 5 shows the food groups that are included in the diversity component. There 
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are seven subgroups of grain, vegetable, and meat/dairy components and two 
subgroups for the fruit component. Food groups were included as opposed to 
individual foods because it has a higher probability of reflecting actual variability 
than the measure of specific foods does (Haines, Siega-Riz, & Popkin, 1999). For 
an item to be counted for one of the food group categories, at least half a serving 
(as defined by the Food Guide Pyramid) must be consumed during the two day 
survey period (Haines, Siega-Riz, & Popkin, 1999).  
 Each subgroup of the dietary variety component is worth 2.5 points, so 
that they are weighted evenly, and for a total component worth of ten points. 
Within each subgroup, the score reflects the percentage of the total maximum 
score (Haines, Siega-Riz, & Popkin, 1999). 
The moderation component is scored according to each of the four subgroups, 
shown in Table 6. The four elements included are added sugars, discretionary fat, 
sodium intake, and alcohol intake. These components reflect the discretionary 
behavior of consumers (Haines, Siega-Riz, & Popkin, 1999). Because total fat, 
saturated fat, and cholesterol are independent components in the DQI-R, they are 
not included in the dietary moderation component (Haines, Siega-Riz, & Popkin, 
1999). The USDA defines discretionary fat as all excess fat consumed from foods 
beyond the lowest fat forms (Food Surveys Research Group, 1994). This measure 
included fats added to foods in preparation or at the table, including margarine, 
cheese, oil, meat drippings, and chocolate (Food Surveys Research Group, 1994). 
The USDA defines teaspoons of added sugar as the quantity of sweetener that 
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contains the same amount of carbohydrate as one teaspoon of table sugar (Food 
Surveys Research Group, 1994). 
Table 5. DQI-R Elements of Dietary Diversity 
Grains Non-whole-grain breads 
Quick breads 
Pasta 
Whole-grain breads 
Whole-grain cereals 
Rice 
Non-whole-grain cereals 
Vegetable 
Components 
White potatoes 
Tomato products 
Dry peas and beans 
Other starchy vegetables 
Deep yellow and orange vegetables 
Dark green and leafy vegetables 
Other vegetables 
Fruit 
Components 
Citrus fruit, melons, berries 
All other fruits and juices 
Meat/Dairy 
Components 
Beef, pork, organ meats, lunchmeat 
Milk 
Poultry 
Cheese 
Eggs 
Fish 
Yogurt  
 
Table 6. DQI-R Dietary Moderation Component 
Values 
 2.5 
points 
1.5 
points 
1.0 
points 
0  
points 
Teaspoons 
Added 
Sugar 
≤100% 
rec. 
>100% >150% >200% 
Discretion
ary fat 
≤25g/d >25g/d >50g/d >75g/d 
Sodium ≤2,400 
mg 
>2,400 
mg 
______ >3,400 
mg 
Alcohol ≤100% 
rec. 
>100% >150% >200% 
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 A census for the recommendation of minimum and maximum amounts for 
the moderation elements are not as easily defined as the other components. The 
Food Guide Pyramid provides guidelines for sugar as limiting intake to no more 
than 6 teaspoons for those consuming 1,600 kcal a day, 12 teaspoons for 2,200 
kcal a day, and 18 teaspoons for 2,800 kcal a day (The Food Guide Pyramid, 
1992). The Dietary Guidelines for Americans recommend men drink no more 
than two drinks per day and that women drink no more than one (Dietary 
Guidelines Advisory Committee, 2005). One drink is defined as a 12oz beer or 
wine cooler, 8 oz. of malt liquor, 5 oz. of wine, or 1.5 oz. of 80 proof liquor 
(Dietary Guidelines Advisory Committee, 2005). The guideline cited by the Food 
and Nutrition Board in 1989 for sodium was intakes should be less than 2,400 
mg/day, which is the standard for sodium intake in the DQI-R (Food and 
Nutrition Board, 1989).  
 As with the diversity component, the moderation component is scored 
according to each of the four subgroups; each subgroup being worth 2.5 points 
(Haines, Siega-Riz, & Popkin, 1999). As opposed to each of the subgroups being 
based on a percentage of the maximum for that subgroup, the values possible are 
2.5, 1.5, 1.0, and 0. For the sugar and alcohol components, those consuming 
100% or less of the recommendation get a score of 2.5 and scores decline so that 
those consuming more than 200% get 0 points toward the total dietary moderation 
score. A 2.5 is given if 2,400 mg or less of sodium is consumed, and more than 
3,400 mg results in a zero. Those consuming 25g or less of discretionary fat per 
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day get 2.5 points and more than 75 grams get a zero (Haines, Siega-Riz, & 
Popkin, 1999). 
Evaluation of the Healthy Eating Index-2005 
 The Healthy Eating Index-2005 went through a series of evaluations to 
test its validity. Guenther and colleagues assessed the HEI-2005 four different 
ways (2008). First, they compared the scores to menus developed by experts. The 
menus used were based on MyPyramid, the DASH Eating Plan, Harvard’s 
Healthy Eating Pyramid, and the American Heart Association’s No-Fad Diet 
(Guenther, Reedy, Krebs-Smith, & Reeve, 2008). The HEI-2005 correlated very 
high with all of the menus. The only menu with poor correlations for one of the 
components was Harvard’s Healthy Eating Pyramid. As expected, this menu 
scored poorly on the milk category because consumption of milk and milk 
products are not encouraged in the Harvard food guide (Guenther, Reedy, Krebs-
Smith, & Reeve, 2008). 
 Second, researchers compared HEI-2005 scores of smokers to non-
smokers using 24-hour diet recalls from 8,650 individuals from the National 
Health and Nutrition Examination Survey, 2001-2002. Previous studies have 
provided a significant distinction between smokers and nonsmokers, in that 
smokers have poorer diet quality than those who do not smoke (Dallongeville, 
Marecaux, Fruchart, & Amouyel, 1998). The total mean HEI-2005 score for 
smokers was 44.7 which was significantly lower than nonsmokers’ mean score of 
55.3 (Guenther, Reedy, Krebs-Smith, & Reeve, 2008). Of the 12 components in 
the HEI-2005, nine of them were significantly lower for smokers versus non-
  28 
smokers (p<0.01). Meat and beans, saturated fat, and sodium had no differences 
between the two groups (Guenther, Reedy, Krebs-Smith, & Reeve, 2008). This 
evaluation revealed that the HEI-2005 may be a more valid tool for assessing diet 
quality than the original HEI because, for the latter, total mean scores were 
separated by a narrower margin and only five of the 10 components were 
significantly different (total fruit, total vegetables, total grains, milk, and variety) 
(Guenther, Reedy, Krebs-Smith, & Reeve, 2008). 
 Third, they evaluated whether the HEI-2005 measured diet quality 
independently of energy intake. It was found that the correlations of individual 
components were independent of energy intake (Guenther, Reedy, Krebs-Smith, 
& Reeve, 2008). Finally, they examined whether the HEI-2005 had more than one 
underlying dimension. Evaluations showed that several factors contribute to the 
HEI-2005 and not a single linear combination of components accounts for the 
overall HEI-2005 score (Guenther, Reedy, Krebs-Smith, & Reeve, 2008).  
 These evaluations of the HEI-2005 provided strong evidence that it is a 
valid measure of diet quality for all individuals aged two and up. Not only does it 
give a strong representation to the key recommendations of the 2005 Dietary 
Guidelines, it clearly distinguishes between groups with known differences in diet 
quality and assessed diet quality separately than diet quantity (Guenther, Reedy, 
Krebs-Smith, & Reeve, 2008). The HEI-2005 is used by the USDA to monitor 
populations and it has been used by the National Cancer Institute for 
epidemiologic research (Guenther, Reedy, Krebs-Smith, & Reeve, 2008). In 
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addition to population monitoring, the HEI-2005 is also useful for intervention 
evaluations and research. 
Evaluation of the Diet Quality Index-Revised 
 The DQI-R was evaluated on several levels for validity. Initially, the 
distribution of the overall DQI-R scores was examined for significance, and they 
were found to be meaningful in statistical terms (Haines, Siega-Riz, & Popkin, 
1999). Then, the individual component values were compared across the range of 
the index. As DQI-R scores moved from lowest to highest groupings of scores, 
there were consistent improvements for all components, both qualitative and 
quantitative (Haines, Siega-Riz, & Popkin, 1999). These evaluations were 
completed using two 24-hour diet recalls from a sample of 3,202 individuals aged 
18 years and older from the 1994 Continuing Survey of Food Intakes by 
Individuals (Haines, Siega-Riz, & Popkin, 1999). 
 Newby and colleagues assessed the DIQ-R for reproducibility and validity 
using 127 male participants aged 40-75 years (2003). DQI-R scores were 
computed individually from two separate FFQs administered one year apart, and 
also from two one-week diet records. Venous blood samples were also collected 
before the second FFQ was completed. The mean DQI-R scores for the first FFQ 
were 69.5 and 67.2 for the second FFQ (Newby et al., 2003). The reproducibility 
correlation for the FFQs was 0.72. The mean DQI-R scores for the diet records 
was 62.0 and the correlation scores for diet records to the first FFQ was 0.66 and 
0.72 for the second FFQ (Newby et al., 2003).  The DQI-R scores were also 
directly correlated with measurements of plasma biochemical markers (alpha- and 
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beta-carotene, lutein, and alpha-tocopherol) and inversely correlated with total 
cholesterol (Newby et al., 2003). It was concluded that the DQI-R is satisfactory 
for reproducibility and validity. Overall, the DQI-R is successful at identifying 
high-quality diets that meet nutrient needs with low intakes of total and saturated 
fat (Kant, 1996). The DQI-R has also been a helpful tool in serving as a guide in 
dietary counseling (Snyder, 2007).  
The Rapid Eating and Activity Assessment for Patients  
The Nutrition Academic Award (NAA) Program was developed by the 
National Heart, Lung and Blood Institute (NHLBI) in 1997 with the purpose of 
improving nutrition training throughout U.S. medical schools (Pearson et al., 
2001). The NAA immediately recognized the need for a practical nutrition 
assessment tool because traditional dietary assessment tools were difficult to use 
and time consuming (National Academy of Sciences, 1989). It was their goal to 
create a tool that could easily be used by health care providers, easy for patients to 
complete, cost effective, and would address national dietary priorities for adults 
(Gans et al., 2003). The result was the Rapid Eating and Activity Assessment for 
Patients (REAP). The basis of the REAP was assessing diet quality as defined by 
the Food Guide Pyramid and the 2000 U.S. Dietary Guidelines (Gans et al., 
2003). The questions on the REAP are intended to assess intake of fat, saturated 
fat and cholesterol, whole grains, calcium-rich foods, fruits and vegetables, sugary 
beverages and foods, sodium, alcoholic beverages and physical activity. The 
intent of creating the REAP was to provide a useful tool to physicians to assess 
nutrition and facilitate in nutrition counseling (Gans et al., 2003). The REAP is 
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accompanied by a Physician Key that aids the health provider in discussing the 
patient’s selections and how to appropriately provide information and nutrition 
counseling (Gans et al., 2003). Since its development, the REAP has been 
evaluated and revised several times (Gans et al., 2003). 
A later version of the REAP went through an evaluation that included an 
implementation feasibility study, calibration and validation study, a cognitive 
assessment test, a reliability study (Gans et al., 2006). The feasibility evaluation 
was evaluated with 61 medical students and physicians using the original 32-item 
REAP questionnaire, and it was rated moderately high for ease of use, length, 
usefulness, helpfulness, and practicality. After the feasibility evaluation, a 
validation study was conducted using three day food records from 44 medical 
students (Gans et al., 2006). The food records were entered into Food Processor 
Nutrition and Fitness Software. An average of the dietary information from Food 
Processor was used to calculate the Healthy Eating Index scores. The medical 
students also completed the 32-item REAP. Correlation analysis indicate that the 
REAP correlated well with the overall HEI scores (r = 0.49, p = 0.0007) (Gans et 
al., 2006). Correlations for individual sub-scores were performed as well, and fat, 
saturated fat, cholesterol, fruit, meat, and variety correlated well. Sodium, grains, 
vegetables, and dairy products were more poorly correlated. Table 7 lists the 
correlations of sub-scores.  
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Table 7. Correlations of HEI and 
REAP sub-scores 
Category r value P value 
Total Fat 0.55 0.0001 
Saturated Fat 0.41 0.0055 
Cholesterol 0.33 0.0310 
Fruit 0.50 0.0006 
Meat -0.47 0.0014 
Variety 0.31 0.0382 
Sodium 0.27 0.1221 
Grains 0.24 0.1003 
Vegetables 0.03 0.8232 
Dairy 0.25 0.1083 
 
The cognitive assessment testing was conducted using a convenience sample 
of 31 multicultural participants and was modified based on the results (Gans et al., 
2006). Some of the changes included adding check boxes for responses, changing 
the font size, and adding more portion-size examples. Questions on sweet and salt 
consumption were added and questions about the type of ground beef, removing 
skin and fat from meats, and number of meals eaten per day were removed (Gans 
et al., 2006). 
Test-retest reliability testing was done using 94 participants who were 
recruited through newspaper advertisements and posters (Gans et al., 2006). The 
participants filled out one survey a week for three weeks (REAP, food frequency 
questionnaire, REAP). The correlation for the REAP from the first week and the 
third week was 0.86 (p < .0001) (Gans et al., 2006). The validity of the REAP to 
the FFQ was also performed and scores significantly correlated with all food 
groups and nutrients studied with the exception of vitamin C (Gans et al., 2006). 
R-values are provided in Table 8.   
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Table 8. Correlations of FFQ nutrients and REAP 
variables 
Category r value P value 
Calories -0.44 0.0001 
% Calories as Fat -0.47 0.0001 
% Calories as Saturated 
Fat 
-0.44 0.0001 
Cholesterol -0.43 0.0002 
Sodium -0.18 0.0358 
Sucrose -0.43 0.0001 
Fiber 0.32 0.0024 
Fruit 0.30 0.0038 
Vegetables 0.45 0.0001 
Vitamin A 0.23 0.0263 
Vitamin C 0.05 0.7838 
Calcium 0.21 0.0375 
Beta Carotene -0.33 0.0014 
Alcohol -0.62 0.0001 
 
These series of evaluations indicated that the earlier version of REAP 
correlated well with the HEI, had great reliability scores, and reflected intake of 
nutrients and food groups to the Dietary Guidelines (Gans et al., 2006). A 
shortened version of the REAP consisting of 16 questions was developed, but 
little research has been done to test its validity (Segal-Isaacson, Wylie-Rosett, & 
Gans, 2004). In 2004, Segal-Isaacson and colleagues conducted a validation study 
of the Rapid Eating and Activity Assessment for Participants Short Version 
(REAP-S) using the Block 1998 Semi Quantitative Food Frequency 
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Questionnaire (Block 1998 FFQ) (Segal-Isaacson, Wylie-Rosett, & Gans, 2004). 
Medical students completed the Block 1998 FFQ and the REAP-S and Pearson 
correlations were performed for individual items on each questionnaire that 
measured similar items. The food groups that correlated well were vegetables, 
fruits, and dairy (Segal-Isaacson, Wylie-Rosett, & Gans, 2004). Added fat and 
servings of meat were negatively correlated. Correlations are displayed in Table 
9.  
Table 9. Correlations between REAP-S and Block 
1998 FFQ Variables 
Category r value P value 
Vegetable Servings 0.503 0.000 
Fruit Servings 0.506 0.000 
Dairy Servings 0.496 0.000 
Added Fat Servings -0.384 .000 
Meat Servings -0.063 0.514 
 
The researchers attributed to poor correlation of the meat category to the 
strong differences in the way the questions were asked on the two questionnaires 
(Segal-Isaacson, Wylie-Rosett, & Gans, 2004). The Block 1998 FFQ included 
eggs and beans in the meat category while REAP-S includes mostly forms of 
animal protein. The Block 1998 FFQ also asks about number of servings per day 
while REAP-S asks how often more than 8 ounces per day of meat is eaten in a 
week (Segal-Isaacson, Wylie-Rosett, & Gans, 2004).  
Association of Diet Quality Indices and Disease 
  Despite the known relationship between diet quality and disease risk, 
there is little data available for diet quality indices as related to disease, especially 
those utilizing the HEI-2005 and DQI-R. A study by McCullough and colleagues 
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using an altered version of the HEI (aHEI) found significant associations of scores 
to the risk of chronic disease in men (RR=0.80) (2002). The aHEI was created in 
an attempt to improve upon the original HEI’s ability to predict chronic disease 
(McCullough et al., 2002). The aHEI includes many of the original HEI 
components, but also includes components of nuts and soy protein, the ratio of 
white to red meat, trans-fat, and cereal fiber (McCullough et al, 2002). These 
changes were made to better reflect factors that research has shown to be 
associated with reduced risk of chronic disease.  
 In a five year prospective study investigating diet quality and risk of 
colorectal cancer, the HEI-2005 was found to effectively estimate risk of cancer 
(Reedy, Mitrou, Krebs-Smith, Wirfalt, & Flood, 2008). When the number of 
cancer incidences among the top 20% of HEI-2005 scores was compared to the 
number of cancer incidences of the bottom 20% of scores, the relative risk for 
men was 0.72 and was 0.8 for women (Reedy, Mitrou, Krebs-Smith, Wirfalt, & 
Flood, 2008). A study by McCullough and colleagues also revealed a relationship 
between index scores and cardiovascular disease, utilizing the original HEI 
(McCullough et al., 2000). They found that males between the ages of 40 and 75 
years who had HEI scores above 80 were 11% less likely to develop 
cardiovascular disease than those who had HEI scores below 20 during the eight 
year prospective study (McCullough et al., 2000).   
Diet Quality in Young Men 
 There have been few studies looking at diet quality of young men as 
determined by the HEI-2005 or the DQI-R. There have, however, been several 
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studies using the original HEI, and all suggest that young males have generally 
poorer diet quality compared to other populations. Forshee & Storey noted that 
young males have the lowest HEI scores compared to women and younger and 
older male cohorts (2006). They reported that men aged 20 to 29 years of age 
have the poorest diet quality of all age ranges, and it starts to improve with age 
(Forshee & Storey, 2006). Men scored lower on nearly all components including 
total and whole fruit, whole grains, total vegetables, dark green and orange 
vegetables, legumes, and calories from solid fats, alcohol, and added sugar 
(Forshee & Storey, 2006). 
 Results of a study of French men show that HEI scores positively correlate 
with age (Drewnowski et al., 2009). In the study, the average HEI score of those 
over the age of 55 was 67.3 compared to the average of 61.3 for participants 
younger than 45 years of age (Drewnowski et al., 2009). Furthermore, in a study 
of 4,356 American male and female subjects, age was related to diet quality 
(Beydoun & Wang, 2008). In this study, HEI scores were compared for three age 
groups and the scores increased as age increased. The 20 to 34 age group had an 
average HEI score of 62.3, the 35 to 54 age group had an average HEI score of 
62.9, and the 55 to 65 age group had an average HEI score of 66.1 (Beydoun & 
Wang, 2008). All these studies suggest that diet quality is poorest among young 
adult males, and it gradually increases with age. 
24-Hour Diet Recalls 
 Several methods to obtain dietary data are available. The 24 hour dietary 
recall is a method that requires individuals to report the types and amounts of 
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foods they consumed in the past 24 hours. Twenty-four hour recalls are a valid 
method for assessing dietary intake, however many factors can decrease the 
accuracy (Conway, Ingwersen, & Moshfegh, 2004).  
 Misreporting food intake is one of the main inaccuracies of dietary 
assessment. A meta-analysis of 37 studies examining the misreporting of dietary 
food intake using 24 hour recalls and food records found that BMI is the most 
constant factor for underreporting intakes; as BMI increases, the probability of 
underreporting generally increases (Poslusna, Ruprich, de Vries, Jakubikova, & 
van’t Veer, 2009). Underreporting was also more likely among women and older 
subjects, but the finding relating to older subjects was not consistent among all the 
studies. Those of lower socio-economic status and education levels were also 
more likely to underreport food intakes (Poslusna, Ruprich, de Vries, Jakubikova, 
& van’t Veer, 2009).  
 Steps can be taken to reduce the likelihood of underreporting. Using the 
USDA Automated Multiple-Pass Method can greatly reduce bias and accurately 
estimate nutrient intake (Moshfegh et al., 2008). The five steps of this method 
include: 1) having subjects quickly recall all foods and beverages consumed the 
previous 24 hours, 2) the interviewer prompts the subject for foods commonly 
forgotten, 3) the interviewer asks the time-of-day when foods were eaten as well 
as the name of the eating occasion, 4) questions of specific detail such as 
descriptions and portion sizes are asked, and 5) a final probe to ask if anything 
else was consumed (Blanton, Moshfegh, Baer, & Kretsch, 2006). 
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Chapter 3 
METHODOLOGY 
 This study will use thirty 24-h dietary recalls and REAP-S surveys that 
were collected previously. The study was approved by the Arizona State 
University IRB and all participants provided written consent (Appendix A). The 
original study examined the effect of vitamin C supplementation on physical and 
mental health parameters over an eight week period. The 24-h diet recalls and 
REAP-S were collected from the participants at the baseline visit. In addition to 
the original thirty 24-h dietary recalls and REAP-S, 20 more were collected to 
make for a total of 50 participants. Data collection for the additional 20 
participants was approved by the Arizona State University IRB and these 
participants gave consent as well.  
Participant Selection 
 The inclusion criteria for the study were healthy, non-smoking males aged  
18 to 35 years and did not participate in competitive sports. Volunteers were  
excluded if they had a current disease or illness, ingested vitamin C supplements 
(>100mg/d), had any condition that contraindicated exercise testing, had a BMI 
greater than 40 kg/m
2
, tended to faint when blood was drawn, and/or participated 
in physical training that consisted of vigorous exercise more than four times per 
week (Appendix B). Participants were recruited using flyers, electronic and in 
class announcements, and word of mouth. Individuals that were interested 
contacted the study investigators via phone or email and were screened for 
inclusion. 
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Study Design  
The REAP-S questionnaire (Appendix C) was completed at baseline on 
the same day that the 24-h diet recall (Appendix D) was administered by a trained 
investigator.  In the current study, both the HEI-2005 and DQI-R scores were 
calculated based on the 24 hour diet recalls that were collected. The dietary recalls 
were entered into The Food Processor® Nutrition and Fitness Software by ESHA 
Research, Inc. (version 10.8, ©2011). The HEI-2005 and DQI-R scores will be 
compared to the REAP-S scores using correlational analyses.  
Scoring the HEI-2005 
 The Healthy Eating Index-2005 (HEI-2005) gives a score on a 100 point 
scale but consists of 12 categories, each ranging from 5-20 points (Guenther et al, 
2008). The categories of the HEI-2005 include: total fruit; whole fruit; total 
vegetables; dark green and orange vegetables; total grains; whole grains; milk; 
meat and beans; oils; saturated fat; sodium; and solid fats, alcoholic beverages, 
and added sugars. Oils include calories from fish, nuts, and seeds, and legumes 
are included in the dark green and orange vegetable category if the meat category 
has been fulfilled (Guenther et al, 2008).  
 Although scores for the HEI-2005 range from 5-20, there is relatively 
equal weighting for each component as a whole. Fruit, vegetables, and grains each 
have two components, but are awarded 5 points each for a total of 10 points per 
food group, equating to an even weight for each food group. The only category 
that is weighted more heavily is the discretionary calorie component (solid fat, 
alcoholic beverages, and added sugar) that is awarded 20 points. 
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 Adequacy components are awarded full points for meeting the 
recommendation for that category, and a zero is given if none were consumed for 
that category. For the moderation components, it is more difficult for which value 
to assign a zero because increasing amounts are awarded decreasing scores. The 
standard for a score of zero was set at the 85
th
 percentile of the population 
distribution so that differences among individuals and groups and changes over 
time at the low end of the scoring range could be detected. Figure 2 lists the 12 
categories, the number of points possible for each category, and the criteria for a 
perfect score as well as a score of zero. Values that fall within each range are 
given based on the proportion of the criteria met, except for sodium and saturated 
fat.  
The 2005 Dietary Guideline for saturated fat indicates a good score of 
being 10% of total calories. However, a value of 10% is given a score of 8 on the 
HEI-2005. In order for a score of 10 to be given, no more than 7% of the total 
kcals should come from saturated fat. This value was chosen as the standard 
because both the DASH plan and the 2006 American Heart Association 
guidelines call for 7% or less.  The 2005 Dietary Guideline for sodium is that 
2,300mg/d or less is consumed; however, it is recommended that no more than 
1,500mg/d of sodium is consumed for those who are black, have hypertension, are 
middle-aged, and/or are older adults. Because of these recommendations, a score 
of 10 on the HEI-2005 is given for consuming 1,500mg/d of sodium. A value of 8 
is considered relatively good, and therefore, 2,300mg/d was chosen for this value. 
The proportional values for the HEI-2005 are shown in table 2. 
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Scoring the DQI-R 
 The DQI-R is based on ten categories, each worth ten points, thus making 
a total score range of 0-100 points with scores closer to zero indicating lower 
quality diets. Scores for the fruits, vegetables, and grains are based on the 
percentage of the recommendation eaten, not on a set number of servings; unlike 
in the original DQI. The components of the DQI-R include: total fat, saturated fat, 
cholesterol, fruit, vegetables, grain, calcium, iron, dietary diversity, and dietary 
moderation.  
Total fat, saturated fat, and cholesterol are scored based on three levels: 
people who meet the recommendation get the full 10 points for that category, 
people within 30% of the recommendation receive 5 points, and people above 
30% get 0 points (Haines, Siega-Riz, & Popkin, 1999). Servings of fruits, 
vegetables, and grains are scored based on the percentage of recommended 
servings consumed, with 10 points being awarded for meeting or exceeding the 
recommendation, and zero points for not consuming anything in that category. 
Table 4 lists the components and scoring criteria for the DQI-R. 
The diversity category was designed so that consumption differences in 
the 23 broad food group categories would be recognized (Haines, Siega-Riz, & 
Popkin, 1999). Table 5 shows the food groups that are included in the diversity 
component. There are seven subgroups of grain, vegetable, and meat/dairy 
components and two subgroups for the fruit component. For an item to be counted 
for one of the food group categories, at least half a serving (as defined by the 
Food Guide Pyramid) must be consumed during the two day survey period 
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(Haines, Siega-Riz, & Popkin, 1999). The diversity element was created with the 
intent of utilizing dietary data from two days; therefore, reaching those 
recommendations within one day is unrealistic. For this study, only one day of 
dietary data was available, so the total number of foods for each category to be 
consumed for a perfect score was halved. If a person consumed more than half of 
the foods in a subgroup, they did not receive “extra credit” and could only get the 
maximum number of points for that subcategory. Each subgroup of the dietary 
variety component is worth 2.5 points, so that they are weighted evenly, and for a 
total component worth of ten points. Within each subgroup, the score reflects the 
percentage of the total maximum score for the component (Haines, Siega-Riz, & 
Popkin, 1999). 
The moderation component is comprised of added sugar, discretionary fat, 
sodium, and alcohol. As with the diversity component, each moderation subgroup 
is worth 2.5 points (Haines, Siega-Riz, & Popkin, 1999). As opposed to each of 
the subgroups being based on a percentage of the maximum for that subgroup, the 
values possible are 2.5, 1.5, 1.0, and 0. For the sugar and alcohol components, 
those consuming 100% or less of the recommendation get a score of 2.5 and 
scores decline so that those consuming more than 200% get 0 points toward the 
total dietary moderation score. A 2.5 is given if 2,400 mg or less of sodium is 
consumed, and more than 3,400 mg results in a zero. Those consuming 25g or 
less of discretionary fat per day get 2.5 points and more than 75 grams get a zero 
(Haines, Siega-Riz, & Popkin, 1999). The moderation component is displayed in 
Table 6. 
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Scoring the REAP-S 
 The REAP-S is a 16-item questionnaire inquiring about food intake from 
the previous week that the participant fills out. Answers are given in a 3-point 
scale (Usually/Often, Sometimes, and Rarely/Never). Three of the questions also 
have an option for “does not apply to me.” When scoring the REAP-S, only the 
first 13 questions were used in this study, as the last three questions do not reflect 
items as evaluated by the HEI-2005 and DQI-R and two of the three questions are 
in yes/no form. Questions were scored that usually/often = 1 point, sometimes = 2 
points, and rarely/never = 3 points. Answers given as “does not apply to me” were 
also given 3 points (n=3) (Segal-Isaacson, Wylie-Rosett, & Gans, 2004). The sum 
of questions 1 through 13 determined the total REAP-S score. The total possible 
points range from 13 to 39. 
Statistical Analysis 
 Data is reported as the mean ± SE.  Scores from the REAP-S will be 
correlated to the original HEI, the HEI-2005, and the DQI.  Data was tested for 
normality and was found to be un-evenly distributed.  Spearman rank order 
correlation was used and all analyses were conducted using SPSS version 19. 
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Chapter 4 
RESULTS 
Participant Characteristics  
 A total of 50 male participants were included in this study. The mean age 
was 24 years (range of 18-33 years). The mean weight was 179.7 pounds (range 
of 135.2-245.0 pounds), the mean height was 70.6 inches (range of 63-76 inches) 
and the mean BMI was 25.4 (range of 18.6-33.9). Participant characteristics are 
shown in Table 10. 
Table 10. Participant characteristics 
Characteristics Mean ± SE Minimum Maximum 
Age, y 23.7 ± 0.5 18 33 
Weight, pounds 179.7 ± 3.5 135.2 245 
Height, inches 70.6 ± 0.4 63 76 
BMI 25.4 ± 0.5 18.6 33.9 
n = 50 
SE = standard error. 
BMI = body mass index (calculated as kg/m²). 
 
Characteristics of Index Scores 
 Mean scores were calculated for each index and can be found in Table 11. 
The mean score for the HEI-2005 was 49.6 (range of 27-79), the mean score for 
the DQI-R was 67.7 (range of 36.4-88.8), and the mean score for REAP-S was 
30.7 (range of 22-37).  
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Table 11. Index characteristics 
Index Mean ± SE Minimum Maximum Range* 
HEI-2005 49.6 ± 1.7 27 79 0-100 
DQI-R 67.6 ± 1.7 36.4 88.8 0-100 
REAP-S 30.7 ± 0.5 22 37 13-39 
n = 50 
SE = standard error. 
* Higher score indicates higher quality diet  
 
 The scores for each index were tested for normality. The distributions for 
each index are shown as histograms in Figures 1-3. The skewness for the HEI-
2005 was 0.42, the skewness for the DQI-R was -0.44, and the skewness for the 
REAP-S was -0.51. 
 
Figure 1. DQI-R Distribution of Scores 
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Figure 2. HEI-2005 Distribution of Scores 
Figure 3. REAP-S Distribution of Scores 
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Correlations between Indices 
 Preliminary analyses revealed violation of normality, therefore, Spearman 
rank order correlations were used to test the strength of the relationship between 
each index. The HEI-2005 and DQI-R were strongly correlated with a correlation 
coefficient of 0.75, significant to the 0.001 level (p = 0.000). The REAP-S was 
moderately correlated with the HEI-2005 and DQI-R indices. The correlation 
coefficient for REAP-S and the HEI-2005 was 0.367, significant to the 0.01 level 
(p = 0.009), and the correlation coefficient for REAP-S and the DQI-R was 0.323, 
significant to the 0.05 level (p = 0.022). Table 12 shows the correlation 
coefficients (r value) and the level of significance (p value) for each of index. 
These relationships are displayed graphically in Figures 4-6.  
Table 12. Relationship of Indices. 
Index r value p value 
HEI-2005 to DQI-R 0.750 0.000** 
REAP-S to HEI-2005 0.367 0.009** 
REAP-S to DQI-R 0.323 0.022* 
**Correlation is significant at the 0.001 level (2-tailed) 
*Correlation is significant at the 0.05 level (2-tailed) 
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Figure 4. HEI-2005 to DQI-R Correlation 
Figure 5. HEI-2005 to REAP-S Correlation 
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Identifying Poor versus Good Quality Diets 
In addition to Spearman rank order correlations of the overall scores, 
various other statistics were performed to determine how well the REAP-S 
identifies poor versus good quality diets. First, scores for each index were split 
into two categories; those above the median for diets of good quality, and those 
below the median for diets of poor quality. Crosstab statistics indicated that HEI-
2005 and DQI-R had a precision of 82%. The precision of the REAP-S to the 
HEI-2005 for overall diet quality was 64%. Of the 25 diets that were expected to 
be in the upper 50
th
 percentile for good quality by both the REAP-S and HEI-
2005, 19 of the diets were in agreement. Thirteen of the expected 25 were 
classified below the 50
th
 percentile by both the REAP-S and HEI-2005.  
The DQI-R and REAP-S had a precision of 62% for overall diet quality. 
Of the 25 diets that were expected to be in the upper 50
th
 percentile for good 
Figure 6. DQI-R to REAP-S Correlation 
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quality by both the REAP-S and DQI-R, 18 of the diets were in agreement. 
Thirteen of the expected 25 were classified below the 50
th
 percentile by both the 
REAP-S and DQI-R.  
Then, scores that were considered extreme (n=21) by the HEI-2005 
(scores less than 40 or greater than 60) were compared to the REAP-S scores. The 
REAP-S had 76% precision to the extreme scores, compared to the precision of 
64% overall HEI-2005 scores.  
Modified REAP-S 
The REAP-S scoring method was then modified to eliminate questions 
that poorly reflected components of the HEI-2005 and the DQI-R and Spearman 
rank order correlations were performed again. The excluded questions were those 
that inquired about how often breakfast was skipped, how many meals were 
consumed at restaurants, and meat intake (questions 1, 2 and 7). The correlation 
for the modified REAP-S with the overall HEI-2005 and DQI-R were r = 0.395 (p 
= 0.005) and r = 0.417 (p = 0.003) respectively with a precision of 62%. 
However, when comparing the modified REAP-S scores to the extreme HEI-2005 
scores, precision increased to 81%. 
Correlation between Index Score and Participant Characteristic 
The relationship between each index and participant characteristic were 
also investigated using Spearman rank order correlation coefficient. There was no 
correlation between any index and participant characteristics. These are displayed 
in Table 13. 
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Table 13. Relationship between Index and Participant 
Characteristics. 
 HEI-2005 DQI-R REAP-S 
Age r = 0.063 
(p=0.662) 
r = -0.019 
(p=0.894) 
r = 0.008 
(p=0.959) 
Weight r = 0.036 
(p=0.805) 
r = 0.062 
(p=0.666) 
r = 0.056 
(p=0.700) 
Height r = 0.221 
(p=0.123) 
r = 0.125 
(p=0.387) 
r = 0.188 
(p=0.190) 
BMI r = -0.054 
(p=0.712) 
r = -0.003 
(p=0.983) 
r = -0.061 
(p=0.674) 
BMI = body mass index (calculated as kg/m²). 
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Chapter 5 
DISCUSSION 
 These data indicates that the REAP-S correlates significantly well with 
both the HEI-2005 (r = 0.367) and the DQI-R (r = 0.323). Furthermore, REAP-S 
distinguished between poor and good quality of diets with a precision of 62% and 
64% for the DQI-R and HEI-2005 respectively. Considering the amount of time 
required to calculate HEI-2005 and DQI-R scores, the REAP-S represents a 
method for rapid diet quality assessment; a characteristic especially pertinent 
when large population sample sizes are used. 
 The HEI-2005 and DQI-R are both labor intensive tools (Kant, 1996). 
Both require analyzing each food consumed in the given time frame on many 
levels. Although Food Processor Nutrition and Fitness Software was used in this 
study, the software could not calculate every component for each index. 
Teaspoons of added sugar, calories from solid fats, and dietary diversity had to be 
individually calculated, and estimated at times, for each food item of every 
subject. After the amount consumed in each component is determined, the point 
value for that component needs to be calculated. The quantitative estimation of 
nutrients and food groups introduces possibility of error, thus lowering its inter-
rater reliability. It is very likely that any researcher would find a different value 
for the same diet. A key benefit to the REAP-S is it has great inter-rater 
reliability. The subject completes the survey on their own, and the only 
calculation on the part of the researcher is adding up the total score. An earlier 
version of the REAP had excellent test-retest reliability with a correlation of 0.86 
  53 
(P < .0001). This suggests that the REAP-S could be a more reliable way to assess 
diet quality than other indices (Gans et al, 2006).  
Studies have revealed that the extremely low HEI values are related to 
chronic disease and cancer risk compared to diets with extremely high values. 
Studies by McCullough and colleagues found the highest 20% of scores were 
associated with significant reductions in chronic disease risk in men (McCullough 
et al., 2002). There was a 11% lower risk of cardiovascular disease (CVD) among 
those scoring above an 80 on the original HEI. Scores of an altered version of the 
HEI (aHEI) had a 39% lower risk of CVD among those with highest quality diets 
(McCullough et al., 2002). Reedy and colleagues evaluated 492,382 diets from 
the National Institutes of Health-AARP Diet and Health Study and observed a 
decreased risk of colorectal cancer at a five year follow up when comparing the 
highest HEI scores to the lowest (relative risk = 0.72) (Reedy et al, 2008). These 
studies could suggest that extremely low index values reveal the diets of concern 
and those falling within mid-range may not be at an elevated risk for chronic 
disease. 
Values considered extreme in the previous studies were those less than 20 
and greater than 80. The HEI-2005 values in this study ranged between 27 and 79, 
so values less than 40 and greater than 60 were considered extreme for this study. 
There were 21 diets that fell in this range, and those HEI-2005 values were 
evaluated against the REAP-S. The REAP-S displayed a 76% precision for 
appropriately distinguishing subjects into the high and low risk disease categories, 
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as compared to the precision of 64% for overall HEI-2005 scores. This suggests 
the REAP-S may be a valuable tool at identifying risk for chronic disease.  
This study also suggests that modifications to the REAP-S could improve 
how well it can accurately quantify total diet quality. The REAP-S scoring 
method was modified to eliminate questions that poorly reflected components of 
the HEI-2005 and the DQI-R and Spearman rank order correlations increased. 
The HEI-2005 with the modified REAP-S increased from 0.367 to 0.395 and the 
DQI-R with the REAP-S increased from 0.323 to 0.417.  
The excluded questions were those that inquired about how often breakfast 
was skipped, how many meals were consumed at sit down or takeout restaurants, 
and meat intake (questions 1, 2 and 7). Although these questions assess diet 
quality, they do it differently than the HEI-2005 and DQI-R. The HEI-2005 does 
not include a component that reflects skipping breakfast, and the DQI-R addresses 
overall dietary variety instead. Both the HEI-2005 and DQI-R include 
components of discretionary calories and sodium intake; the question on the 
REAP-S that captures these components asks about eating out at restaurants. 
Although eating out at restaurants will typically increase ones intake of sodium 
and saturated fat, it appears this question on the REAP-S does not adequately 
capture quality of diet in the same way as the HEI-2005 and DQI-R.  
An obvious difference between the REAP-S and the HEI-2005 and DQI-R 
is how meat consumption is evaluated. The HEI-2005 gives zero points for no 
meat consumption, and progressively gives more points as meat consumption 
increases, until the maximum amount of points are achieved at 2.5 ounce 
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equivalents per 1,000 calories. If more is consumed, the full 10 points is 
maintained. The DQI-R evaluates iron as opposed to meat intake, but is evaluated 
in a similar manner. If less than 0% of the RDA is consumed, zero points are 
awarded, and points are increasingly awarded up through ten points for 100% of 
the RDA. The REAP-S evaluates meat intake in an opposite fashion. The 
minimum amount of points is awarded if more than 8 ounces of meat, on average, 
is often consumed per day. The maximum amount is given if meat consumption 
rarely exceeds more than 8 ounces per day. Although large amounts of meat 
consumption does not reflect good quality of diet, the HEI-2005 and DQI-R only 
penalize low intake and reward high intake, regardless of the amount.  
Removing the three poorly reflected questions of the REAP-S to the HEI-
2005 and DQI-R increases both correlation and precision. Spearman rank order 
correlation of the HEI-2005 with the modified REAP-S increased to 0.395 and the 
DQI-R with the REAP-S increased to 0.417. Modifying these questions on the 
REAP-S could potentially strengthen associations between diet quality measures. 
When the modified REAP-S scores were evaluated against the extreme HEI-2005 
scores, precision increased to 81%.  
 The mean score for the HEI-2005 in this study was 49.6. This was lower 
than the national average of 58.2 that was determined using data from the 
Continuing Survey of Food Intake by Individuals, 1994-96 and the National 
Health and Nutrition Examination Survey (NHANES), 2001-02 (USDA Nutrition 
Insight 37). Scores remained the same from 1994-96 and 2001-02 because while 
some components improved, others declined.  The scores of the HEI-2005 are low 
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in the components of “food groups to encourage.” The total grains and meat and 
beans component received very high scores, while whole fruit, total vegetables, 
whole grains, and milk are low (USDA Nutrition Insight 37). The USDA study 
concluded that the quality of American diets needs to be improved.  
 The lower HEI-2005 average in this study was not unexpected due to the 
demographic of the population. Young adult males typically have poorer diet 
quality compared to other cohorts (Forshee & Storey, 2006). This study included 
males aged 18-33 years, with a mean age of 23.7 years, whereas the CSFII and 
NHNES surveys used individuals aged >2 years and up. In a later report using 
data from NHANES 2003-2004, the average HEI-2005 of adults aged 20 years 
and up was 57.2 (Ervin, 2011). The lowest scores in the study were among the 20-
39 years age group, with an average of 54.2. This age group had the lowest scores 
for total fruit, whole fruit, whole grains, total vegetables, dark green and orange 
vegetables and legumes, and calories from solid fats/alcohol/added sugar (Ervine, 
2011). Males, compared to females, also had lower intakes of these components. 
In addition, males consumed more calories from solid fats, alcoholic beverages, 
and added sugars than females (Ervine, 2011). These findings suggest that the 
poor quality of diet among young men cannot be attributed to a single factor, but 
more likely related to diet as a whole.  
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Chapter 6 
CONCLUSION 
 In summary, the REAP-S has proven to be an acceptable tool to quickly 
identify diet quality. It has a significant, moderate correlation to both the HEI-
2005 and the DQI-R, with strong precision as well. The correlation and precision 
is strengthened when values are compared to only the extreme scores of the HEI-
2005, which indicates risk for chronic disease. This study used diets from young 
adult males; therefore, more research studies are needed to evaluate the validity of 
REAP-S in a more diverse population. Modifications made to the REAP-S could 
also significantly increase its precision, however further research is needed to 
discover which changes would most accurately reflect diet quality.  
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DIET ASSESSMENT 
 
 
 
 
Summer, 2001 
 
Dear Participant: 
 
I am a Masters student in nutrition conducting a study for my thesis under the 
direction of Professor Carol Johnston in the School of Nutrition and Health 
Promotion. 
 
I am examining the validity of different diet recording techniques. I am requesting 
your participation, which will involve filling out a health history questionnaire 
and a diet assessment questionnaire. You will also be interviewed about your diet. 
If you say YES, then your participation will last for approximately 20 minutes at 
this location. Your participation in this study is voluntary. You can skip questions 
if you wish. If you choose not to participate or to withdraw from the study at any 
time, there will be no penalty. You must be 20-35 years of age to participate.  
 
The main benefit of your participation in this study is to contribute to research 
that may identify new methods for assessing diet. There is no risk to you as a 
research participant. Your responses will be anonymous. Do not write your name 
on any of the attached questionnaires. The results of this study may be used in 
reports, presentation, or publications but your name will not be known. 
 
If you have any questions concerning the research study, please contact Dr. Carol 
Johnston (480-727-1713). If you have any questions about your rights as a 
participant in this study, you can contact the Chair of the Human Subjects 
Institutional Review Board, through the ASU Office of Research Integrity and 
Assurance, at (480) 965-6788. Return of the questionnaire will be considered  
your consent to participate. 
 
 
Thank you very much for your help in this study! 
 
 
Sincerely, 
 
 
Rachael Fawcett 
Graduate Student 
School of Nutrition and Health Promotion
 APPENDIX B  
INCLUSION CRITERIA 
 Nutrient Supplementation and Health Parameters 
Verbal Script 
 
Subject #:_______________  Contact (Date, Time):_______________ 
 
Thank you for your interest in the Nutrient Supplementation and Health 
Parameters research study. Do you have time to answer 6 short questions to see if 
you qualify for the trial? 
 
How old are you? ______ years 
How tall are you? ______ inches How much do you weight? ______ pounds 
 
1. Do you currently smoke cigarettes? Yes or No 
 a. If yes: How often? 
 b. If “a” answered, ask: Approximately how many cigarettes do you  
  smoke [refer to period of time that “a” was answered in]? 
 
 c. If “a” and/or “b” answered, ask: Do you usually smoke with  
  others in a social scene or alone? 
  
2. Do you currently take vitamin and mineral supplements? 
 a. If yes: Which supplements do you take? 
 
3. Do you currently take any prescriptions? 
 a. If yes: Which prescriptions do you take? 
 
4. Are you currently seeing a doctor for a health condition? 
 a. If yes: What condition are you being seen for? 
 
5. Do you have any limitations regarding physical activity and exercise? 
 
6. Do you participate in physical training consisting of vigorous exercise 
> than 4x per week. 
 
if any of the answers do not meet the requirements for the study, the individual 
will be excluded. 
 
If meets requirements: 
Based on this information, I would like to invite you to be a participant in a study. 
The study can take place right now and will take about 15 minutes. 
 
If does not meet requirements:  
Unfortunately, we will not be able to accept you into the study. We appreciate 
your interest and time. Have a great day! 
Thank you!  
 APPENDIX C  
REAP-S 
    
 APPENDIX D  
24-HOUR RECALL 
 One-Day Food Record 
 
A food record is designed to get an accurate description of your diet. Please try to 
be as accurate as possible by recording all of the foods and beverages you eat and 
drink, including condiments such as ketchup, mustard, coffee creamer, etc. 
Record the exact amount of food eaten and important variations (ex. skim, 2%, 
reduced fat, sugar-free, etc). If the food is prepared at home or in a restaurant, 
please include a description of the preparation of techniques (ex. grilled vs. fried) 
and the name of the item on the restaurant’s menu. 
 
 
 
Food Record (Date: _____________) 
Time: Food & 
Beverage 
Description 
Amount 
eaten 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
